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(54) Optical receiver capable of responding to both burst and continuous signals 

(57) An optical receiver can operate in response to 
an input optical signal to produce an output electrical 
signal. The optical receiver comprises a photo diode 
(340) for transducing the input optical signal into an 
electrical signal, a plurality of limit amplifier circuits 

(310-1, 310-2 and 310-n) which are connected in 

series which are connected in series to one another and 
which have offset compensation functions determined 
by controllable offset compensation time constants, 
respectively. The plurality of limit amplifier circuits 
amplify the electrical signal to produce an amplified and 
controlled electrical signal in dependency upon the off- 
set compensation time constants controlled. The optical 
receiver further comprises adjusting circuits (320-1, 
320-2 and 320-n) connected to the limit amplif ier cir- 
cuits for adjusting at least one of the offset compensa- 
tion time constants to make the limit amplifier circuits 
produce the amplified and controlled electrical signal 
and an output terminal OUT for producing the amplified 
and controlled electrical signal as the output electrical 
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Description 

Background of the Invention: 

This invention relates to an optical receiver used for 
a digital optical transmission system. 

A conventional optical receiver of the type 
described is classified into a first optical receiver for 
receiving a burst signal and a second optical receiver for 
receiving a continuous signal. The first optical receiver 
for the burst signal comprises a photo diode and a plu- 
rality of limit amplif ier circuits connected in series to one 
another. Each limit amplifier circuit has an offset com- 
pensating function determined by an offset compensa- 
tion time constant. Disclosure is made about such an 
optical receiver comprising the the plurality of limit 
amplifier circuits, for example, in Japanese Unexamined 
Patent Publication (JP-A) No.31 0967/1 994. Japanese 
Unexamined Patent Publication (JP-A) No. 84160/1996, 
or Proceedings of the 1996 IE ICE (THE INSTITUTE OF 
ELECTRONICS. INFORMATION AND COMMUNICA- 
TION ENGINEERS) General Conference C-588. 
Because the optical receiver capable in response to the 
burst signal is required to carry out offset compensation 
at a high speed, the offset compensation time constant 
of each of the limit amplifier circuits is set to a small 
value. 

On the other hand, the second conventional optical 
receiver for receiving only a continuous signal has a 
preamplifier which is connected to a post-amplifier 
through a coupling capacitor for unipolar-to-bipolar 
transformation. The post amplifier comprises a plurality 
of limit amplifier circuits connected in series to one 
another. Furthermore, the post amplifier compensates 
internal offset of its circuit by having a negative feed- 
back circuit which has an integrating circuit and which 
maintains a time average value of positive and negative 
outputs at a constant value. 

Sum ma ry of the Inve ntion; 

It is an object of this invention to provide an optical 
receiver which is capable of receiving both of burst and 
continuous signals and which has high sensitivity for the 
continuous signal with a small size and a low cost. 

It is another object of this invention to provide the 
optical receiver which is implemented by a semiconduc- 
tor integrated circuit with simple design and simple 
manufacturing. 

According to this invention, there is provided an 
optical receiver which operable in response to an input 
optical signal to produce an output electrical signal and 
which comprises a photoelectric transducer for trans- 
ducing the input optical signal into an electrical signal, a 
plurality of limit amplifier circuits which are connected in 
series to one another and which have offset compensa- 
tion functions determined by controllable offset com- 
pensation time constants, respectively, the plurality of 



limit amplifier circuits amplifying the electrical signal to 
produce an amplified and controlled electrical signal in 
dependency upon the offset compensation time con- 
stants controlled, adjusting means connected to the plu- 

5 rality of limit amplifier circuits for adjusting at least one 
of the offset compensation time constants to make the 
limit amplif ier circuits produce the amplif ied and control- 
led electrical signal, and output means for producing the 
amplified and controlled electrical signal as the output 

io electrical signal. 

According to this invention, there is provided an 
optical receiver which operable in response to an input 
optical signal to produce an output electrical signal and 
which comprise a photoelectric transducer for transduc- 

15 ing the input optical signal into an electrical signal, first 
through n-th limit amplifier circuits which are connected 
in series to one another to form first through n-th con- 
nection stages, respectively, and which have offset 
compensation functions determined by offset compen- 

20 sation time constants, the first through the n-th limit 
amplifier circuits amplifying the electrical signal sup- 
plied to one of the first through the n-th limit amplifier cir- 
cuit to produce an amplified electrical signal through the 
n-th limit amplifier circuits, selecting means supplied 

25 with the electrical signal and coupled to the first through 
the n-th limit amplifier circuits for selecting one of the 
first through the n-th limit amplifier circuits as a selected 
limit amplifier circuit to change the number of the limit 
amplifier circuits between the selected limit amplifier cir- 

30 cuit and the n-th limit amplifier circuit and to deliver the 
electrical signal to the selected limit amplifier circuit, 
and output means for delivering the output electrical sig- 
nal from the n-th limit amplifier circuit by amplifying the 
electrical signal between the selected limit amplifier cir- 

35 cuit and the n-th limit amplifier circuit. 



Fig. 1 is a block diagram of a conventional optical 

40 receiver for a burst signal; 

Fig. 2 is a block diagram of a conventional optical 
receiver for a continuous signal; 
Fig. 3 is a block diagram of an optical receiver 
according to a first embodiment of this invention; 

45 Fig. 4 is a block diagram of an optical receiver 
according to a second embodiment of this inven- 
tion; 

Fig. 5 is a block diagram of an optical receiver 
according to a third embodiment of this invention; 
so Fig. 6 is an example of an analog switch in the opti- 
cal receiver according to the third embodiment of 
this invention; 

Fig. 7 is a block diagram of an optical receiver 
according to a forth embodiment of this invention; 
55 and 

Fig. 8 is a block diagram of an optical receiver 
according to a fifth embodiment of this invention; 
Rg. 9 is a block diagram of a single adjusting unit in 
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an optical receiver according to a sixth embodiment 
of this invention; 

Fig. 10 is another block diagram of the optical 
receiver according to the sixth embodiment of this 
invention; 

Fig. 11 is still another block diagram of the optical 
receiver according to the sixth embodiment of this 
invention; and 

Fig. 12 is a circuit diagram of a single limit amplifier 
circuit in an optical receiver according to a seventh 
embodiment of this invention. 

Description of the Preferred Embodiments: 

In order to facilitate an understanding of this inven- 
tion, description will at first be made about first and sec- 
ond conventional optical receivers with reference to the 
drawings. 

Referring to Fig. 1, the first conventional optical 
receiver for a burst signal comprises a photo diode 140 
and a plurality of limit amplifier circuits 110-1, 110-2, 

110-3 1 10-n connected in series to one one another. 

Each limit amplifier circuit has an offset compensating 
function determined by an offset compensation time 
constant of the such an offset compensation time con- 
stant is set to a predetermined value in each of the limit 
amplifier circuits. The offset compensation time con- 
stants of the limit amplifier circuits 110-1 , 110-2, 110-3, 
.... 1 10-n are give by x (1), x (2), x (3) x (n), respec- 
tively. Such an optical receiver illustrated in Fig. 1 is dis- 
closed in the references mentioned in the preamble of 
the instant specification and should carry out an offset 
compensation at a high speed so as to respond to the 
burst signal. In this condition, the offset compensation 
time constants in the limit amplifier circuits are very 
small in consideration of so as receive continuation of a 
predetermined bits having the same polarity. 

Referring to Fig. 2, in the second conventional opti- 
cal receiver responding to a continuous signal only is 
structured by a photo diode 240, a preamplifier 230 of a 
differential type, and a post amplifier 270. With this 
structure, a pair of outputs of the preamplifier 230 is led 
to the post-amplifier 270 through coupling capacitors 
280a and 280b. In this case, each of the coupling 
capacitors 280a and 280b serves to carry out unipolar- 
to-bipolar transformation. On the other hand, the post- 
amplifier 270 comprises limit amplifier circuits 271 and 
272 connected in series to each other through subtract- 
ers (unnumbered). The post-amplifier 270 compensates 
an internal offset thereof by having a negative feedback 
circuit which includes an integrating circuit 273. The 
integrating circuit 273 is operable to maintain a time 
average value of positive and negative outputs at a con- 
stant value. 

A PON (Passive Optical Network) system is well 
known as an optical subscriber system which is able to 
economically realize a narrow band service such as a 
telephone service. Recently, the PON system is enable 



to adapted in a field of optical communication. Further- 
more, a single star system is also known as an effective 
method which realizes a wide band system by the use 
of existing resources utilized in the PON system. The 

5 single star system is described in 1 995 IEICE Technical 
Report SSE95-140. 

Thus, the PON system is upgraded stepwise into 
the single star system. During this step, the existing 
resources of the PON system are used in common to 

io the single star system. In other words, a system which 
comprises both the PON and the single star systems is 
existent before the completion of a complete single star 
system. In this event, consideration should be made 
about the fact that both the burst signal and the continu- 

15 ous signal coexist in an upstream link of such a system. 
This is because the burst signal is transmitted from an 
existing an ONU (Optical Network Unit) while the contin- 
uous signal with low power is transmitted from each new 
subscriber. Under the circumstance, such a system 

20 necessitates two types of optical receivers one of which 
is able to receive the burst signal with relatively low sen- 
sitivity and the other of which is able to receive the con- 
tinuous signal with high sensitivity. In addition, both 
types of the optical receivers are preferably small in size 

25 and inexpensive in cost. 

Herein, it is to be noted that the optical receiver for 
the burst signal generally can also be used to receive 
the continuous signal. However, when the optical 
receiver for the burst signal is used to receive the con- 

30 tinuous signal, threshold control of received signal has 
been degraded in accuracy in comparison with the opti- 
cal receiver designed to receive the continuous signal 
alone. This brings about a reduction of receiver sensitiv- 
ity of the continuous signal. 

35 This is because the optical receiver for the burst 
signal is small in the offset compensation time constant 
and large in a detecting error of an offset detector, such 
as a peak detecting circuit. The optical receiver is sus- 
ceptible to an influence of an electro-magnetic interfer- 

40 ence. 

For example, the conventional optical receiver illus- 
trated in Fig. 1 compensates an internal offset thereof 
by connecting, in series, a plurality of limit amplifier cir- 
cuits having offset compensating function in order to 

45 accomplish a quick response. 

However, the offset compensation is practically 
insufficient with this structure because restriction is 
imposed on connected in series. Therefore, provision 
should be made about individual offset adjustment, a 

so stabilizing circuit of a large scale for a power supply cir- 
cuit, and a magnetic shield in order to achieve high sen- 
sitivity. However, such an optical receiver for the burst 
signal becomes large in scale and expensive in cost as 
composed with the optical receiver for the continuous 

55 signal. 

On the other hand, as a new technology applied to 
an optical fiber transmission system, there is a mul- 
tichannel optical link which uses a ribbon fiber cable and 
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an array optical receiver. The multichannel optical link 
has a possibility that is applied to the technical field, 
such as an interconnection or a LAN (a Local Area Net- 
work). 

In such a technical field, the optical receiver should s 
have both two properties different from each other. One 
of the properties is to have a middle speed response to 
the burst signal together with wide phase margin neces- 
sary for signal decision. Another property is to have a 
very high speed response to the continuous signal and u 
relatively high sensitivity. Moreover, the optical receiver 
in the field should be small in size and low in cost. 

However, the optical receiver illustrated in Fig. 1 
and the optical receiver illustrated in Fig. 2 are com- 
pletely different in structure from each other. Therefore, ii 
one of the two optical receivers illustrated in Figs. 1 and 
2 cannot replaced by each other by only changing parts 
of their components. 

Now, description will be made about an optical 
receiver according to preferred embodiments of this 2 
invention. 

First Embodiment 

Referring to Fig. 3, an optical receiver according to ss 
a first embodiment of this invention is supplied with an 
input optical signal. The optical receiver comprises a 
photo diode 340 as a photoelectric transducer for trans- 
ducing the input optical signal into an electrical signal, a 
preamplifier 330 for amplifying the electrical signal pro- 3C 
duced from the photo diode 340 into a preamplified 
electrical signal, and a plurality of limit amplifier circuits 

310-1. 310-2 and 310-n which are connected in 

series to one another and which have offset compensa- 
tion functions.where n is a natural number greater than a 
unity. The limit amplifier circuits 310-1 to 310-n succes- 
sively amplify the preamplif ied electrical signal supplied 
from the preamplifier 330 to produce an amplified elec- 
trical signal through an output terminal OUT. 

The optical receiver further comprises a plurality of * 

adjusting circuits 320-1 . 320-2 and 320-n connected 

to the plurality of limit amplifier circuits 310-1 to 310-n, 
respectively. Each of adjusting circuits 320-1 to 320-n 
serves to adjust an offset compensation time constant 
in each of the limit amplifier circuits 310-1 to 310-n. The 4 
plurality of the adjusting circuits 320-1 to 320-n may col- 
lectively be called an adjusting unit. 

The adjusting circuits 320-1. 320-2 and 320-n 

have control ports CONT(1). CONT(2) and 

CONT(n), respectively, which are connected to a con- i 
trailer 410. The offset compensation time constant in 
each of the limit amplifier circuits 310-1 to 310-n is 
changed by a control signal supplied from the controller 
410 to each of the control ports CONT(1) to CONT(n). 

For example, each of the offset compensation time 
constants is set to a small value so as to receive the 
burst signal and to realize a high speed response. 
On the other hand, each of the offset compensation 



time constants is set to a large value so as to receive the 
continuous signal which should be received with high 
sensitivity. As a result, the optical receiver can carry out 
th offset compensation with high accuracy and there- 
fore has high sensitivity. 

Second Embodiment 

Referring to Fig. 4. an optical receiver according to 
a second embodiment of this invention is also supplied 
with an input optical signal like in the first embodiment. 
The optical receiver is similar to that illustrated in Fig. 3 
except that an analog switch unit 350 is used as a 
selecting unit in place of the plurality of adjusting circuits 
320-1 to 320-n illustrated in Fig. 3. In the example illus- 
trated in Fig.4, the limit amplifier circuits 310-1 to 310-n 
has connection stages equal to in number to n. 

In this connection, the limit amplifier circuits 310-1 
to 310-n may collectively be called an n-stage limit 
amplifier circuit. As will shortly be described, the analog 
switch unit 350 is operable to change the number of the 
connection stages from on to another. 

Specifically, the analog switch unit 350 which has a 
single input port supplied from the preamplifier 330 with 
the preamplified electrical signal and a plurality of out- 
put ports, n in number, selectively supplied with the 
preamplified electrical signal to send the same to one of 
the limit amplifier circuits 310-1 to 310-n in response to 
a control signal supplied from a controller 420 through a 
control port CONT. 

In the illustrated example, each of the limit amplifier 
circuits 310-1 to 310-n is implemented by a differential 
amplifier. In this connection, the analog switch unit 350 
supplies differential output signals, namely, a pair of out- 
; put signals to each limit amplifier circuit 31 0-1 to 310-n. 
If each of the limit amplifier circuits 310-1 to 310-n is 
structured by an amplifier operable in response to a sin- 
gle input signal instead of the differential amplifier, the 
analog switch unit 350 may produce a single output sig- 
3 nal. 

The limit amplifier circuits 310-1, 310-2 and 

310-n have offset compensation time constants x (1), x 

(2) and x (n).respectively. In this case, a relationship 

between two adjacent one of the offset compensation 
5 time constants is defined by the following inequality rep- 
resented by. 

x 0) > x 0+1). 

;o where j represents a positive integer smaller than n. 

Herein, let the optical receiver be used for receiving 
the burst signal. In this case, the analog switch unit 350 
carries out the selecting operation so that the preampli- 
fied electrical signal is supplied to one of the limit ampli- 

55 fier circuits 310-1 to 310-n that may be arranged 
relatively rearwards of the connection stages in the 
vicinity of the output terminals OUT. According to the 
selecting operation mentioned above, the optical 
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receiver has the offset compensation time constant of a 
small value and is formed by a small number of the con- 
nection stages. For example, when the preamplified 
electrical signal is assumed to be supplied to th limit 
amplifier circuit 31 0-(n-1 ), the number of the connection 
stages becomes equal to two. In this event, the pream- 
plified electrical signal is amplified by both the limit 
amplifier circuits 310-{n-1) and 310-n. As a result, the 
optical receiver is operable at a high speed and serves 
an optical receiver for the burst signal. 

In the case that the optical receiver is used for the 
continuous signal, the analog switch unit 350 should 
carry out the selecting operation so that the preampli- 
fied electrical signal is supplied to relatively forward one 
of the limit amplifier circuits 310-1 to 310-n that may be 
arranged relatively forwards of the connection stages. 
According to this selecting operation, the preamplified 
electrical signal which is delivered through the analog 
switch unit 350 is amplified through a large number of 
the limit amplifier circuits. In this case, the optical i 
receiver has the offset compensation time constant of a 
large value and the large number of the connection 
stages. For example, when the preamplified electrical 
signal is supplied to the limit amplifier circuit 310-2, the 
number of the connection stage becomes equal to (n- 1). z 
In this event, the preamplified electrical signal is ampli- 
fied by the limit amplifier circuits 310-2 to 310-n. As a 
result, the optical receiver can compensate the offset 
with high accuracy. 

Third Embodiment 

Referring to Fig. 5, an optical receiver according to 
a third embodiment of this invention is similar to that 
illustrated in Fig. 4 except that an analog switch unit 360 3i 
is connected to output sides of the limit amplifier circuits 
310-1 to 310-n connected in series to one another and 
is given output signals from the limit amplifier circuits 
310-1 to 310-n. 

In this connection, the analog switch unit 360 has a 4C 
plurality of input ports connected to the output sides of 
the limit amplifier circuits 310-1 to 310-n. respectively. 
With this structure, the analog switch unit 360 selec- 
tively delivers one of the output signals of the limit ampli- 
fier circuits 310-1 to 310-n as the amplified electrical ts 
signal in response to a control signal supplied through a 
control port CONT sent from a controller 430. 

In the illustrated example, the analog switch unit 
360 is given differential input signals (a pair of input sig- 
nals) from each of the limit amplifier circuits 310-1 to so 
310-n because each limit amplifier circuit 310-1 to 310- 
n comprises the differential amplifier. If each of the limit 
amplifier circuits 310-1 to 310-n is structured by an 
amplifier which produces a single output signal, the 
analog switch unit 360 is operable in response to a sin- 55 
gle input signal. 

Referring to Fig. 6, the description will proceed to 
an example of the analog switch unit 360. In Fig. 6, an 



analog switch circuit 360' is an example for explanation 
about th inner structure of the analog switch unit 360 
The analog switch circuit 360' is an arternative type and 
comprises a differential amplifier 361 having transistors 

; Tr611 and Tr61 2. a differential amplifier 362 having tran- 
sistors Tr621 and Tr622, a differential amplifier 363 hav- 
ing transistors Tr631 and Tr632. and a driving current 
source 364. According to the illustrated construction, 
the analog switch circuit 360' can carry out the selecting 

0 operation for an analog signal having a frequency of 
several hundreds MHz and is operable at a high speed 
The analog switch unit 360 can also carry out the select- 
ing operation for the analog signal and is also operable 
at a high speed. 

s Referring back to Fig. 5. the limit amplifier circuits 

310-1. 310-2 and 310-n have offset compensation 

time constants x (1), x (2) and x (n), respectively. In 

this case, a relationship between two adjacent one of 
the the offset compensation time constants is defined 

> by the following inequality represented by: 

*G)>xCi+l). 

where j represents a positive integer smaller than n. 

Herein, it is assumed that the optical receiver is 
used for receiving the burst signal. In this case, the ana- 
log switch unit 360 should select the output signal that is . 
produced from the relatively forward one of the limit 
amplifier circuits 310-1 to 310-n. For example, when the - 
selecting unit 360 selects the output signal of the limit 
amplifier circuit 310-2, the output signal amplified by , 
each of the limit amplifier circuits 310-1 and 310-2 is 
delivered through the output terminal OUT as the ampli- 
fied electrical signal. According to the selecting opera- 
tion, the optical receiver has the offset compensation 
time constant of a small value and has the small number 
of the connection stages. As a result, the optical - 
receiver enables a high speed response. 

On the other hand, let the case that the optical 
receiver be used for receiving the continuous signal. 
The analog switch unit 360 should select the output sig- 
nal of the limit amplifier circuits 310-1 to 310-n that is 
produced from a relatively rearward one of the limit 
amplifier circuits 310-1 to 310-n. For example, when the 
selecting unit 360 selects the output signal of the limit 
amplifier circuit 310-(n-1). each output signal amplified 
by the limit amplifier circuits 310-1 to 310-(n-1) is deliv- 
ered through the output terminal OUT as the amplified 
electrical signal. According to the selecting operation, 
the preamplified electrical signal is amplified through 
the large number of the limit amplifier circuits. In this 
case, the optical receiver has the offset compensation 
time constant of a large value and the large number of 
the connection stages. As a result, the optical receiver 
can compensate the offset with high accuracy. 
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Fourth Embodiment 

Referring to Fig. 7, an optical receiver according to 
a fourth embodiment of this invention is a combination 
of the first and the second embodiments described in 
conjunction with Figs. 3 and 4. 

As is apparent from the description mentioned in 
conjunction with Figs. 3. 4, and 6, the optical receiver 
has the adjusting function of the offset compensation 
time constant and the switching function of the number 
of the connection stages formed by the limit amplifier 
circuits 310-1 to310-n. 

Fifth Embodiment 

Referring to Fig. 8, an optical receiver according to 
a fifth embodiment of this invention is a combination of 
the first and the third embodiments described in con- 
junction with Figs. 3 and 5. 

As apparent from the description mentioned in con- 
junction with Figs. 3, 5, and 6, the optical receiver has 
the adjusting function of the offset compensation time 
constant and the switching function of the number of the 
connection stages of the limit amplifier circuits 310-1 to 
310-n. 

Sixth Embodiment 

According to a sixth embodiment of this invention, 
an optical receiver is similar in structure to those illus- 
trated in connection with the first through the fifth 
embodiments except that the optical receiver is imple- 
mented by a semiconductor integrated circuit. 

The optical receiver according to the sixth embodi- 
ment is illustrated in Fig. 9 and is substantially equiva- 
lent to the first embodiment and has an adjusting circuit 
320' representative of each of adjusting circuit 320-1 to 
320-n formed by the semiconductor integrated circuit. 
More specifically, the adjusting circuit 320' is formed by 
wiring patterns which can change connections from one 
to another. In this case, the offset compensation time 
constant of a single limit amplifier circuit 310 represent- 
ative of each of the limit amplifier circuits 310-1 to 310- 
n is adjusted by changing the connections of the wiring 
patterns between terminals a1 , a2, a3 and ax cou- 
pled to capacitors C1 , C2, C3 and Cx and terminals 

b1 , b2. b3 and bx coupled to the single limit amplifier 

circuit 310, respectively. 

In Fig. 10, the selecting circuit 350' is implemented 
by the semiconductor integrated circuit including wiring 
patterns. In this case, one of the the limit amplifier cir- 
cuits 310-1 to 310-n is selected by changing of connec- 
tion of wiring patterns of the selecting circuit 350' 
between terminals bl, b2. and bn coupled to the 
preamplifier 330 and terminals a1, a2 and an cou- 
pled to the limit amplifier circuits 310-1 to 310-n. 

In Fig. 1 1 , in the semiconductor integrated circuit 
included in the third embodiment has a selecting circuit 



360" formed by wiring patterns. In this case, one of the 
limit amplifier circuits 310-1 t 310-n is selected by 
changing of connections of th wiring patterns of the 
selecting circuit 360" between terminals a1, a2 and 

5 an coupled to the limit amplifier circuits 310-1 to 310-n 

and terminals b1, b2 and bn coupled to the output 

terminal OUT. 

When a semiconductor integrated circuit is applied 
to the fourth or the fifth embodiments, at least one of the 

10 adjusting circuit and the selecting circuit may be formed 
by wiring patterns which can change connections from 
one to another. 

At any rate, once when the wiring patterns or con- 
nections in the sixth embodiment are selected in the 

is semiconductor integrated circuit, the offset compensa- 
tion time constant is uniquely determined in the sixth 
embodiment. 

Seventh Embodiment 

20 

An optical receiver according to a seventh embodi- 
ment of this invention is similar in structure to that illus- 
trated in Figs. 3, 5. and 8 except that no adjusting 
circuits 320-1 to 320-n are included in the optical 

25 receiver and. instead, at least one of the limit amplifier 
circuits themselves has offset compensation functions 
determined by controllable offset compensation time 
constants. Such a controllable limit amplifier circuits 
amplifies the electrical signal into an amplified and con- 

30 trolled electrical signal in dependency upon the control- 
lable offset compensation time constant. 

Referring to Fig. 12, the controllable limit amplifier 
circuit is specified by a single limit amplifier circuit 310' 
(suffixes omitted). 

35 More specifically, the controllable limit amplifier cir- 
cuit 31 0' comprises a differential amplifier 31 1 , two peak 
detecting circuits 312a and 312b, and two adders 
(unnumbered). Each of the peak detecting circuits 31 2a 
and 312b comprises a peak hold capacitor (not shown) 

40 for holding a peak value. The offset compensation time 
constant in the controllable limit amplifier circuit 310' is 
adjusted in dependency upon a capacitance of the peak 
hold capacitor. In other words, the offset compensation 
time constant of the controllable limit amplifier circuit 

45 can be controlled by adjusting the capacitance in each 
circuit. Thus, the above-mentioned capacitor in each 
limit amplifier circuit serves to adjust the offset compen- 
sation time constant. This structure dispenses with the 
adjusting circuits 320-1 to 320-n, as illustrated in Fig. 3, 

so 5, and 8. 

Claims 

1 . An optical receiver operable in response to an input 
55 optical signal to produce an output electrical signal, 
said optical receiver comprising: 

a photoelectric transducer (340) for transduc- 
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ing said input optical signal into an electrical 
signal; 

a plurality of limit amplifier circuits (310-1. 310- 

2 and 310-n) which are connected in series 

to one another and which have offset compen- 
sation functions determined by controllable off- 
set compensation time constants, respectively, 
said plurality of limit amplifier circuits amplifying 
said electrical signal to produce an amplified 
and controlled electrical signal in dependency 
upon the offset compensation time constants 



adjusting means (320) connected to said plu- 
rality of limit amplifier circuits for adjusting at 
least one of said offset compensation time con- 
stants to make the limit amplifier circuits pro- 
duce said amplified and controlled electrical 
signal; and 

output means (OUT) for producing said ampli- 
fied and controlled electrical signal as said out- 
put ef 



2. An optical receiver as claimed in claim 1, wherein 
said adjusting means comprises: 

a plurality of adjusting circuits (320-1 , 320-2 

and 320-n) which are connected to the limit 
amplifier circuits to adjust the offset compensa- 
tion time constants of the limit amplifier circuits, 
respectively. 

3. An optical receiver as claimed in claim 2, wherein: 

each of said adjusting circuits has a controlla- 
ble time constant which serves to determine 
each of the offset compensation time constants 
in each of the limit amplifier circuits. 

4. An optical receiver as claimed in claim 3, wherein 
said adjusting means comprises: 

control means (410) for supplying a control sig- 
nal to each of said adjusting circuits to control 
the controllable time constant in each adjusting 
circuit. < 

5. An optical receiver as claimed in claim 1, wherein 
each of the limit amplifier circuits comprises a peak 
detecting circuit for holding a peak value and a dif- 
ferential amplifier connected to said peak detecting 5 
circuit. 

6. An optical receiver as claimed in claim 1 , wherein 
said optical receiver is implemented by a semicon- 
ductor integrated circuit, said adjusting means s 
(320") being formed by wiring patterns. 

7. An optical receiver operable in response to an input 



optical signal to produce an output electrical signal, 
said optical receiver comprising: 

a photoelectric transducer (340) for transduc- 
ing said input optical signal into an electrical 
signal; 

first through n-th limit amplifier circuits (310-1. 

310-2 and 310-n) which are connected in 

series to one another to form first through n-th 
connection stages, respectively, and which 
have offset compensation functions deter- 
mined by offset compensation time constants, 
said first through said n-th limit amplifier circuits 
amplifying said electrical signal supplied to one 
of the first through the n-th limit amplifier circuit 
to produce an amplified electrical signal 
through the n-th limit amplifier circuits; 
selecting means (350) supplied with the electri- 
cal signal and coupled to the first through the n- 
th limit amplifier circuits for selecting one of the 
first through the n-th limit amplifier circuits as a 
selected limit amplifier circuit to change the 
number of the limit amplifier circuits between 
the selected limit amplifier circuit and the n-th 
limit amplifier circuit and to deliver the electrical 
signal to the selected limit amplifier circuit; and 
output means (OUT) for delivering the output 
electrical signal from the n-th limit amplifier cir- 
cuit by amplifying the electrical signal between 
the selected limit amplifier circuit and the n-th 
limit amplifier circuit. 

t. An optical receiver as claimed in daim 7, wherein 
each of the first through the n-th limit amplifier cir- 
cuits has input and output terminals; 

said selecting means being connected to the 
input terminals of the first through the n-th limit 
amplifier circuits. 

. An optical receiver as claimed in claim 7, wherein 
said selecting means comprises: 

an analog switch which has an input port and 
first through n-th output ports and which con- 
nects said input port to a selected one of the 
first through the n-th output ports to deliver the 
electrical signal from the input port to the 
selected limit amplifier circuit. 

). An optical receiver as claimed in claim 9, wherein 
said selecting means comprises control means 
(420) for supplying a control signal to said analog 
switch to control a connection and delivering 
therein. 

I. An optical receiver as claimed in daim 7. wherein 
each of said first through said n-th limit amplifier cir- 



7 



13 



EPO 837570 A2 



cuits comprises a peak detecting circuit for holding 
a peak value and a differential amplifier connected 
to said peak detecting circuit. 

12. An optical receiver as claimed in claim 7, wherein 5 
said optical receiver is implemented by a semicon- 
ductor integrated circuit, said selecting means 
(350") being formed by wiring patterns. 

1 3. An optical receiver operable in response to an input 10 
optical signal to produce an output electrical signal, 
said optical receiver comprising: 

a photoelectric transducer (340) for transduc- 
ing said input optical signal into an electrical is 
signal; 

first through n-th limit amplifier circuits (310-1, 

310-2 and 310-n) which are connected in 

series to one another to form first through n-th 
connection stages, respectively, and which 20 
have offset compensation functions deter- 
mined by offset compensation time constants, 
said first through said n-th limit amplifier circuits 
amplifying said electrical signal supplied to the 
first limit amplifier circuit to produce an ampli- 25 
fied electrical signal through one of the first 
through the n-th limit amplifier circuits; 
selecting means (360) coupled to the first 
through the n-th limit amplifier circuits for 
selecting one of the first through the n-th limit 30 
amplifier circuits as a selected limit amplifier 
circuit to change the number of the limit ampli- 
fier circuits between the first limit amplifier cir- 
cuit and the selected limit amplifier circuit and 
to deliver the amplified electrical signal from 35 
the selected limit amplifier circuit; and 
output means (OUT) for delivering the output 
electrical signal from the selected limit amplifier 
circuit by amplifying the electrical signal 
between the first limit amplifier circuit and the 40 
selected limit amplifier circuit. 

14. An optical receiver as claimed in claim 13, wherein 
each of the first through the n-th limit amplifier cir- 
cuits has input and output terminals; 45 

said selecting means being connected to the 
output terminals of the first through the n-th 
limit amplifier circuits. 

50 

15. An optical receiver as claimed in claim 14, wherein 
said selecting means comprises: 

an analog switch which has first through n-th 
input ports and an output port and which con- 55 
nects a selected one of the first through the n- 
th input ports to said output port to deliver the 
electrical signal from the selected limit amplifier 



circuit to the output port. 

16. An optical receiver as claimed in claim 15, wherein 
said selecting means comprises control means 
(430) for supplying a control signal to said analog 
switch to control a connection and delivering 
therein. 

17. An optical receiver as claimed in claim 13, wherein 
each of said first through said n-th limit amplifier cir- 
cuits comprises a peak detecting circuit for holding 
a peak value and a differential amplifier connected 
to said peak detecting circuit. 

18. An optical receiver as claimed in claim 13, wherein 
said optical receiver is implemented by a semicon- 
ductor integrated circuit, said selecting means 
(360") being formed by wiring patterns. 

19. An optical receiver operable in response to an input 
optical signal to produce an output electrical signal, 
said optical receiver comprising: 

a photoelectric transducer (340) for transduc- 
ing said input optical signal into an electrical 
signal; 

first through n-th limit amplifier circuits (310-1, 

310-2 and 310-n) which are connected in 

series to one another to form first through n-th 
connection stages, respectively, and which 
have offset compensation functions deter- 
mined by controllable offset compensation time 
constants, said first through said n-th limit 
amplifier circuits amplifying said electrical sig- 
nal supplied to one of the first through the n-th 
limit amplifier circuits to produce an amplified 
and controlled electrical signal through the n-th 
limit amplifier circuit in dependency upon the 
offset compensation time constants controlled; 
adjusting means (320) connected to said first 
through said n-th limit amplifier circuits for 
adjusting at least one of said offset compensa- 
tion time constants to make the limit amplifier 
circuits produce said amplified and controlled 
electrical signal; 

selecting means (350) supplied with the electri- 
cal signal and coupled to the first through the n- 
th limit amplifier circuits for selecting one of the 
first through the n-th limit amplifier circuits as a 
selected limit amplifier circuit to change the 
number of the limit amplifier circuits between 
the selected limit amplifier circuit and the n-th 
limit amplifier circuit and to deliver the electrical 
signal to the selected limit amplifier circuit; and 
output means (OUT) for delivering the output 
electrical signal from the n-th limit amplifier cir- 
cuit by amplifying and adjusting the electrical 
signal between the selected limit amplifier cir- 
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cuit and the n-th limit amplifier circuit. 

20. An optical receiver operable in response to an input 
optical signal to produce an output electrical signal, 
said optical receiver comprising: 5 

a photoelectric transducer (340) for transduc- 22. 
ing said input optical signal into an electrical 
signal; 

first through n-th limit amplifier circuits (310-1. to 
310-2, .... and 310-n) which are connected in 
series to one another to form first through n-th 
connection stages, respectively, and which 
have offset compensation functions deter- 
mined by controllable offset compensation time is 
constants, said first through said n-th limit 23. 
amplifier circuits amplifying said electrical sig- 
nal supplied to the first limit amplifier circuit to 
produce an amplified and controlled electrical 
signal through one of the first through the n-th 20 
limit amplifier circuits in dependency upon the 
offset compensation time constants controlled; 
adjusting means (320) connected to said first 
through said n-th limit amplifier circuits for 
adjusting at least one of said offset compensa- 25 
tion time constants to make the limit amplifier 
circuits produce said amplified and controlled 
electrical signal; 

selecting means (360) coupled to the first 
through the n-th limit amplifier circuits for 30 
selecting one of the first through the n-th limit 
amplifier circuits as a selected limit amplifier 
circuit to change the number of the limit ampli- 
fier circuits between the first limit amplifier cir- 
cuit and the selected limit amplifier circuit and 35 
to deliver the amplified and controlled electrical 
signal from the selected limit amplifier circuit; 
and 

output means (OUT) for delivering the output 
electrical signal from the selected limit amplifier 40 
circuit by amplifying and adjusting the electrical 
signal between the first limit amplifier circuit 
and the selected limit amplifier circuit. 

21. An optical receiver operable in response to an input 45 
optical signal to produce an output electrical signal, 
said optical signal receiver comprising: 

a photoelectric transducer for transducing said 
input optical signal into an electrical signal; so 
a plurality of limit amplifier circuits (310") which 
are connected in series to one another and 
which have offset compensation functions 
determined by offset compensation time con- 
stants, respectively, at least one of which is 55 
controllable, said plurality of the limit amplifier 
circuits amplifying said electrical signal to pro- 
duce an amplified and controlled electrical sig- 



nal in dependency upon the offset 
compensation time constants controlled; and 
output means for producing said amplified and 
controlled electrical signal as said output elec- 
trical signal. 

An optical receiver as claimed in claim 21 , wherein 
each of the limit amplifier circuits comprises a peak 
detecting circuit (312a, 312b) for holding a peak 
value and a differential amplifier connected to said 
peak detecting circuit; 

said peak detecting circuit having the controlla- 
ble offset compensation time constant. 

An optical receiver as claimed in claim 22, wherein 
said peak detecting circuit has a capacitor which 
determines the controllable offset compensation 
time constant. 
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